In this investigation the secretory response of the stomach to an antral stimulus followed by insulin and then histamine stimulation before and after vagotomy has been estimated in order to determine: (1) the effect of vagotomy on 'endogenous' gastric secretion resulting from antral stimulation compared with its effect on 'exogenous' secretion following insulin and histamine injections; (2) the effect of vagotomy on pepsin secretion compared with its effect on acid secretion; (3) the effect of vagotomy on total chloride secretion; and (4) whether after selective vagotomy any vagal innervation may reach the stomach via the coeliac plexus and greater curve resulting in a greater response to stimuli than that obtained after total vagotomy.
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METHOD
It was not possible to use a continuous aspiration technique because, in order to determine the antral response, it was necessary that the antrum should be stimulated by a constant amount of the stimulating fluid for a constant time. Instead the dye dilution technique, as described by Brooks, Erskine, Gephart, Swaim, and Moore (1950) , was used. At the beginning of every 10 minutes 100 ml of fluid containing phenol red (7 mg/l.) was injected into the stomach and the stomach was completely emptied by aspiration at the end of the 10-minute period. From the concentration of the dye in the aspirate it was possible to calculate both the volume of juice secreted and also the amount that had emptied from the stomach. It was then possible to calculate the actual concentration and quantity of acid, chloride, and pepsin that had been secreted during the period.
Both sodium bicarbonate and peptone were used as antral stimulants because there is evidence that these act on the antral mucosa in different ways (Celestin, 1966) . The effect of peptone is abolished by Lignocaine solution 3 % whereas the effect of sodium bicarbonate is unaltered, suggesting that peptone acts through neuroreceptors and sodium bicarbonate acts directly on the mucosal cells.
There was thus a possibility that vagotomy might have a different effect on each of these stimuli.
PROCEDURE
The investigations were done on South Indian duodenal ulcer patients who underwent vagotomy and pyloroplasty.
Approximately equal numbers of total and selective vagotomies were done more or less alternately.
The preoperative examination was done immediately before operation when the ulcer was active and the postoperative examination three months after vagotomy on as many patients as it was possible to follow up. All patients had had a negative postoperative Hollander insulin test, ie, the vagotomy was complete.
The patient was kept on a liquid diet for 24 hours to avoid the tube becoming blocked by rice particles.
A radioopaque tube was passed at 7.30 am and positioned under x-ray control so that the distal end lay in the pyloric antrum.
The patient was asked to remain lying on the left side to encourage the gastric secretions to remain in the stomach, but during the aspirations he was turned onto the right side. BASAL SECRETION Five runs of 100 ml of N saline with phenol red were injected through the tube and aspirated. The last three aspirates were used for analysis.
ANTRAL PHASE The stomach was washed out twice with 100 ml of water to remove any acid from the antral mucosa and then 100 ml of either 3.5% sodium bicarbonate or 10% peptone solution containing phenol red was instilled. This was aspirated after 10 minutes. Then 100 ml of N saline with phenol red was injected through the tube and aspirated after a further 10 minutes.
INSULIN PHASE Soluble insulin was given intravenously (15 units for patients weighing 100 to 120 lb; 10 units for patients under 100 lb), and the stomach was emptied after 10 minutes, the aspirate being discarded. Three runs of 100 ml of N saline with phenol red were injected through the tube and aspirated after 10 minutes. 659 reduced and that following insulin and histamine stimulation was considerably reduced. The combination of a fall in concentration and a fall in volume resulted in a considerable fall in output in the basal, insulin, and histamine groups.
In Table IV the figures in 32 cases for the preoperative and postoperative total acid outputs in the peptone series are compared with the peak histamine outputs. The output following antral stimulation with peptone was reduced by vagotomy in some and increased in others, a larger number showing a fall resulting in a significant fall in the mean output value which, however, was about double the mean postoperative histamine output. These changes are seen clearly in the scatter graphs shown in Fig. 1 for the peptone series and for the whole series following histamine stimulation.
Trhoarn lie n ;tiAin.at;^n firom ths. filervipe in TahIfx TV The individual figures for chloride concentration and output were increased in some cases after vagotomy in both the peptone and sodium bicarbonate series which suggests that the figures for acid also were increased postoperatively in some patients in the sodium bicarbonate group in the same way as in the peptone group. Fig. 2 The fact that after operation the acid output cen total and following antral stimulation often exceeded the ies. The con-output following histamine stimulation suggests le and pepsin that the dose of histamine used is no longer maximal or total and after vagotomy. This higher output has been noticed asal, antral, with pentagastrin in some cases by Payne, Cox, etion and no Spencer, and Cheng (1967) and by Bank, Marks, aphs. This is Louw, and Tigler-Wybrandi (1967) . Celestin (1967) Study (1967) gave a similar figure (67 %). This suggests that the effect of vagotomy on the parietal cells is constant and that the variable change in postoperative output in this series is more likely to be due to variation in the antral release of gastrin. With this in mind the emptying rates were reviewed, thinking that the patients with the higher postoperative antral response may have had slower emptying rates resulting in longer exposure to a concentrated solution of the stimulant, but no correlation was found.
CONCLUSIONS
Bearing in mind the four points for investigation mentioned in the introduction, the conclusions are as follows.
RELATIVE EFFECT OF VAGOTOMY ON THE ANTRUM
Although vagotomy reduces the acid secretion in response to insulin and histamine it does not constantly reduce the response to antral stimulation in this series, whether the stimulus be a physical change in pH acting directly on the mucosal cell or a chemical stimulus (peptone) acting on the neuroreceptors. These results differ from those of other workers. Giles and Clark (1966a and b) found that vagotomy abolished the antral response to meat extract in 32 out of 40 cases. Welbourn and Burns (1964) found a 67% fall in acid output in response to meat extract after vagotomy. Celestin (1967) , using a balloon tube to block the pylorus, also found that vagotomy reduced the response to Bovril but did not abolish it. The above workers, however, based their findings on the secretions aspirated during the period following the installation of the stimulant and not during the stimulation. It is possible that the weaker concentration of amino acids, etc. in the meat extracts used above resulted in a submaximal stimulus to the antrum which could be potentiated by the vagus and that the 10 % peptone and 3.75% sodium bicarbonate solutions used by us may have resulted in a maximal gastrin output uinaffected by vagal innervation. Harrison, Williams, Pisesky, Husain, Silbermann, Francis, and Irvine (1961) , working on dogs, found that vagotomy of the antrum was much more effective in reducing the incidence of ulcers in ileal transplants into the first part of the duodenum than vagotomy of the parietal cell mass.
EFFECT OF VAGOTOMY ON PEPSIN SECRETION In
most cases the pepsin concentration fell after vagotomy both in basal secretion and in response to insulin stimulation,but the fall was less than that which occurred in the acid concentration. There was a variable change in concentration in response to peptone and histamine stimulation. The output was reduced in response to insulin and histamine, but not constantly in response to peptone stimulation. Bitsch, Christiansen, Faber, and R0dbro (1966) also found a reduction in basal concentration and postinsulin concentration after vagotomy, but no reduction in pepsin concentration in response to histamine and felt that the fall in output after histamine was due to the reduction in secretory volume. Book, Chinn, and Beams (1952) found no reduction in pepsin concentration after vagotomy in nocturnal juice or after insulin-induced hypoglycaemia.
3 EFFECT ON TOTAL CHLORIDE SECRETION Vagotomy seems to have no effect on total chloride concentration. This agrees with the work of Davenport (1964 Davenport ( , 1965 which suggests that the concentration of chloride ions remains constant, and that in gastritis and in gastric ulcer patients hydrogen ions diffuse from the gastric juice back into the mucosa and sodium ions escape.
EFFECT OF SELECTIVE VAGOTOMY COMPARED WITH
TOTAL VAGOTOMY The results show that selective vagotomy is no less effective than total in all respects. These findings agree with those of Bank, Marks, and Louw (1966) and of Griffiths (1966) , confirming that there need be no fear of a selective vagotomy being incomplete.
SUMMARY
A dye-dilution technique was used to estimate the gastric secretion of acid, chloride, and pepsin in response to antral, insulin, and histamine stimulation before and after in approximately equal numbers of cases of selective and total vagotomy. The acid and pepsin secretions in response to antral stimulation were not uniformly depressed by vagotomy. The basal insulin and histamine secretions of acid were constantly reduced in concentration and quantity whereas, although the output of pepsin was usually reduced, the concentration was not always reduced. The mean acid output in response to antral stimulation after vagotomy was about double the output in response to maximal histamine stimulation.
The chloride concentration remained unaffected by vagotomy, suggesting that any fall in H+ ions was compensated for by an increase in other cations.
No difference was found between the response to total vagotomy and the response to selective vagotomy, supporting the supposition that no vagal outflow reaches the stomach via the coeliac plexus and greater curve.
The fall in total acid output following maximal histamine stimulation tended to be greater in those with the higher preoperative values. The results suggest that there is no basis for a selective policy in the surgery of duodenal ulcer based on preoperative tests of maximal acid output or of antral predominance. 
